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ABSTRACT
Context. Stellar activity is currently challenging the detection of young planets via the radial velocity (RV) technique.
Aims. We attempt to definitively discriminate the nature of the RV variations for the young active K5 star BD+20 1790, for which visible (VIS)
RV measurements show divergent results on the existence of a substellar companion.
Methods. We compare VIS data with high precision RVs in the near infrared (NIR) range by using the GIANO – B and IGRINS spectrographs.
In addition, we present for the first time simultaneous VIS-NIR observations obtained with GIARPS (GIANO – B and HARPS – N) at Telescopio
Nazionale Galileo (TNG). Orbital RVs are achromatic, so the RV amplitude does not change at different wavelengths, while stellar activity induces
wavelength-dependent RV variations, which are significantly reduced in the NIR range with respect to the VIS.
Results. The NIR radial velocity measurements from GIANO – B and IGRINS show an average amplitude of about one quarter with respect to
previously published VIS data, as expected when the RV jitter is due to stellar activity. Coeval multi-band photometry surprisingly shows larger
amplitudes in the NIR range, explainable with a mixture of cool and hot spots in the same active region.
Conclusions. In this work, the claimed massive planet around BD+20 1790 is ruled out by our data. We exploited the crucial role of multi-
wavelength spectroscopy when observing young active stars: thanks to facilities like GIARPS that provide simultaneous observations, this method
can reach its maximum potential.
Key words. Instrumentation: spectrographs – exoplanets – Spectroscopy – Active stars – Radial velocities – Stars: individual: BD+20 1790
1. Introduction
The detection of giant planets around young stars can address
key questions in the astrophysics of planetary formation and mi-
gration. In fact, looking at young stars provides an opportunity
to observe the architecture of planets in their infancy. A variety
⋆ Based on observations made with the Italian Telescopio Nazionale
Galileo (TNG) operated on the island of La Palma by the Fundación
Galileo Galilei of the INAF (Istituto Nazionale di Astrofisica) at the
Spanish Observatorio del Roque de los Muchachos (ORM) of the IAC.
⋆⋆ This work used the Immersion Grating Infrared Spectrometer
(IGRINS) that was developed under a collaboration between the Uni-
versity of Texas at Austin and the Korea Astronomy and Space Sci-
ence Institute (KASI) with the financial support of the US National Sci-
ence Foundation under grant AST-1229522, of the University of Texas
at Austin, and of the Korean GMT Project of KASI.
⋆⋆⋆ These results made use of the Discovery Channel Telescope (DCT)
at Lowell Observatory. Lowell is a private, non-profit institution ded-
icated to astrophysical research and public appreciation of astronomy,
and it operates the DCT in partnership with Boston Univ., the Univ. of
Maryland, the Univ. of Toledo, Northern Arizona Univ., and Yale Univ.
⋆⋆⋆⋆ This paper includes data taken with the 2.7-m H. J. Smith Telescope
at The McDonald Observatory of The University of Texas at Austin.
† Based on observations made with the REM Telescope, INAF Chile.
of physical processes, such as planet-disc interaction, the Kozai
mechanism (Kozai 1962), planet-planet scattering (Baruteau et
al. 2014), or in-situ formation (Batygin et al. 2016), respon-
sible for generating hot Jupiters (HJs), are expected to pro-
duce observable effects, including differences in orbital parame-
ters (eccentricity and/or obliquity), migration timescales, an age-
dependent frequency of such systems, and differences in the at-
mospheric composition of hot Jupiters across stellar ages. The
investigation of the formation and migration histories may be
carried out for example via intensive radial velocity (RV) moni-
toring of a sample of young stars, finding new planets and test-
ing possible differences in the frequency of hot Jupiters with age.
However, the high level of stellar activity characterizing young
stars induces RV variations able to mimic planetary signals, de-
manding a specific processing in order to investigate its actual
contribution. Recently, noteworthy results have been obtained
through the modelling of stellar activity as correlated noise in
a set of data with the Gaussian processes regression (see e.g.
Haywood et al. 2014; Damasso et al. 2018). The first pioneering
detection of a young HJ with the RV technique was recently an-
nounced around the weak-line T Tauri star V830 Tau using spec-
tropolarimetry (Donati et al. 2016; Yu et al. 2017; Donati et al.
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2017), after years of attempts marred by difficulties in dealing
with the identification of planetary signals (both spectroscopic
and photometric) in the presence of very high levels of activity
of their young hosts. Simultaneous multi-band high resolution
spectroscopy (HRS), for example in the visible (VIS) and near
infrared (NIR, 700 - 2500 nm) ranges, is a powerful tool for dis-
entangling wavelength-dependent activity-induced RV signals
(the impact of activity on RVs is expected to be typically three
times lower in the NIR than in the VIS; see Prato et al. 2008;
Mahmud et al. 2011; Crockett et al. 2012) from those Keplerian
that are achromatic. An emblematic example of this principle is
represented by the case of the HJ around TW Hya claimed by
Setiawan et al. (2008), which was ruled out by NIR observa-
tions (Figueira et al. 2010a).
The building of new instrumentation allowing high precision
HRS in the NIR range has been mainly pushed by the RV search
of potentially habitable rocky planets around M-dwarf stars (see
e.g. Reiners et al. 2010, Bonfils et al. 2013 and references
therein). Some of those instruments, such as CARMENES (520–
1710 nm, with spectral resolutions R=80,000 – 100,000, Quir-
renbach et al. 2014; Reiners et al. 2017) or HARPS+NIRPS
(0.95–1.8 nm, R∼100,000, Conod et al. 2016), also guaran-
tee contemporary VIS-NIR observations. In this framework, the
GIARPS (GIANO –B + HARPS – N) project (Claudi et al.
2017) has been conceived precisely to exploit the full potential
of the simultaneous VIS and NIR HRS technique, allowing us
to have the two high resolution spectrographs of the Telescopio
Nazionale Galileo (TNG, La Palma) working simultaneously:
HARPS – N (High Accuracy Radial velocity Planet Searcher
for the Northern emisphere) in the visible and GIANO – B in
the NIR (see details in Sect. 2). The RV precisions achievable
by the VIS and NIR channels of GIARPS (see more details in
Sect. 2) allow us to identify giant planets signals as well as to
discriminate the high activity levels of the host stars, enabling an
overall monitoring of stellar activity and simultaneous detection
of atomic and molecular species in planetary atmospheres.
In this paper, we present the RV measurements of a de-
bated HJ around BD+20 1790 (V429 Gem, K5Ve, V=9.9, Jef-
fries 1995), a very active star (logR′
HK
= −3.7, Hernán-Obispo
et al. 2015, hereafter HO15) and probable member of the AB
Dor moving group (Torres et al. 2008) with an adopted age of
149+51−19 Myr (Bell et al. 2015). After dedicated spectroscopic
observations, Hernán-Obispo et al. 2010 (hereafter HO10) in-
terpreted the RV variation of this target as being due to the pres-
ence of a massive HJ with a period of 7.8 days. Figueira et al.
(2010b) questioned the planet, providing CORALIE RVs show-
ing a clear correlation with the bisector span (BIS), thus attribut-
ing the RV variations to photospheric processes. Later, HO15
reported a new RV and activity study exploiting a larger spec-
troscopic and photometric dataset supporting again the presence
of a HJ around BD+20 1790. Finally, Gagné et al. (2016) pub-
lished a small number of CSHELL NIR RVs with no conclusive
results.
This paper is organized as follows: we describe the instru-
ments used in Sect. 2, then we present the observations and the
characteristics of our dataset in Sect. 3. In Sect. 4 we show the
analysis of both the spectroscopic and photometric time series,
suggesting a theoretical model to explain the observed stellar be-
haviour in the VIS and NIR bands in Sect. 5. Finally we draw our
conclusions in Sect. 6.
2. Instruments
In this section we summarize the characteristics of the in-
strumentation used to collect the data of BD+20 1790, with
particular emphasis on the new TNG facility GIARPS. In 2012
the high resolution spectrograph HARPS – N (Cosentino et al.
2014) was installed at the Nasmyth – B focal station of the TNG.
HARPS – N works in the visible range (0.39 − 0.68 µm) with
a resolution of R = 115, 000. In the same year, the NIR high
resolution spectrograph GIANO (Oliva et al. 2006), working
in the wavelength range from 0.97 to 2.45 µm at a resolution
of R 50, 000, was installed and commissioned at the Nasmyth
– A focal station of the TNG in 2014. Although designed for
direct light feed from the telescope, in its first phase GIANO
was fed by fibers. Through the "WOW" (a Way to Others
Worlds) Progetto Premiale funding scheme, the Italian National
Institute for Astrophysics (INAF) proposed to move GIANO
to the Nasmyth – B (re-naming the instrument GIANO – B)
and to carry out its simultaneous use with HARPS – N aiming
to achieve high resolution spectroscopy in a wide wavelength
range (0.383 - 2.45 µm with a small gap between ∼ 0.7 and
0.950 µm) obtained in a single exposure. The focus change,
made in 2016, also allowed us to restore the original direct
feeding from the telescope (Tozzi et al. 2016) and the coupling
with HARPS – N. This was the beginning of the observing
mode called GIARPS (GIANO – B & HARPS – N, Claudi et al.
2017). The two spectrographs are still able to work separately,
so it is possible to have three different observing modes: a)
HARPS – N only; b) GIANO – B only; c) GIARPS, by splitting
the light with a dichroic. GIARPS uses both the instruments for
high precision RV measurements, exploiting the simultaneous
reference technique with HARPS – N in the visible (providing
a RV precision σRV of ∼ 1.0 m s−1) and a Cross-Correlation
Function (CCF) method based on telluric lines with GIANO –
B (σRV ∼ 10 m s−1, Carleo et al. 2016). The introduction of an
absorption gas cell (Seeman et al. 2014), foreseen at the end of
2018, will allow us to reach a better precision (∼ 3 m s−1) in the
NIR, since the spectral features of a gas cell are more reliable in
comparison with the instability of the telluric spectrum. Because
of its characteristics, GIARPS can be considered the first and
unique worldwide instrument providing not only high resolution
but also high precision radial velocity measurements in such a
large wavelength range between B and K bands.
IGRINS (Immersion Grating Infrared Spectrometer) (Mace
et al. 2016) is the cross-dispersed NIR spectrograph, mounted
alternatively at the Harlan J. Smith 2.7 m telescope (McDon-
ald Observatory, TX, USA) and at the 4.3 m Discovery Chan-
nel Telescope (Lowell Observatory, AZ, USA), with a resolv-
ing power of R=45, 000 (Yuk et al. 2010; Park et al. 2014). It
covers the H and K windows, from 1.45 to 2.5 µm in a single
acquisition. REM (Rapid Eye Mount; Chincarini et al. 2003)
is a 60 cm robotic telescope located at the La Silla station of
the European Southern Observatory (ESO, Chile). The telescope
hosts two instruments: REMIR, an infrared imaging camera, and
ROS2, a visible imager. The two cameras can also observe si-
multaneously the same field of view thanks to a dichroic placed
in front of the telescope focus. The ROS2 camera is equipped
with a back-illuminated CCD (2048×2048 pixels, 13.5 micron
pixels size, 0.58 arcsec/pixel plate scale), which has a cor-
rected 9.8×9.8 arcmin field of view, and observes simultane-
ously through the four Sloan/SDSS g,r,i,z filters. The REMIR
camera is equipped with a Hawaii I CCD (512×512 pixels, 1.2
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arcsec/pixel plate scale), which has a corrected 10×10 arcmin
field of view, and it is equipped with zJHK filters.
3. Observations and data reduction
In this section we describe the data acquired from each instru-
ment. The spectroscopic datasets are presented in Sects. 3.1,
3.2, and 3.3, and a complete summary of them, including the
uncertainties of the RVs measurements (obtained as explained
before), the typical signal-to-noise ratio (S/N), the RV r.m.s.,
and the peak-to-valley amplitude, is reported in Table 1. The
photometric observations are described in Sec. 3.4.
3.1. GIANO/GIANO – B
We collected spectra of BD+20 1790 with TNG instrumenta-
tion in three different observing campaigns (see Table 1). The
first dataset consists of 18 observations with GIANO (March 28
– April 3, 2016), supported by quasi-simultaneous photometry
with the REM telescope (see below). The second dataset (seven
spectra) was acquired during the commissioning of GIANO –
B in November 2016. The third one contains five spectra of GI-
ANO – B obtained during the GIARPS commissioning in March
2017. Two of them are acquired in GIARPS mode in order to test
the simultaneity of GIANO – B and HARPS – N observations.
One additional HARPS – N spectrum was later collected with-
out the NIR counterpart because GIANO – B was temporarily
unavailable.
GIANO data were reduced with the IRAF package
ECHELLE and the dedicated scripts collected in the GI-
ANO_TOOLS1 package, while GIANO – B spectra are pro-
cessed with the dedicated pipeline GOFIO (Rainer et al, SPIE,
in prep). We obtained a set of 30 NIR RVs over one year (listed
in Table 3), with the method described in Carleo et al. (2016),
in which the telluric lines are used as wavelength reference and
the CCF method is used to determine the stellar RV. For this
purpose, we constructed two suitable digital masks that include
about 2000 stellar lines and a similar number of telluric lines.
After the correction of the spectra to the barycentre of the solar
system, the procedure performs the cross correlation of individ-
ual orders of the normalized spectra with the appropriate masks
(both stellar and telluric), with the derivation of individual CCF.
Through a weighted sum of the CCFs of the individual orders,
we obtain the final stellar and telluric CCFs. These are fitted with
Gaussian profiles to derive the stellar and telluric RV, respec-
tively. The latter are finally subtracted from the former, provid-
ing the relative stellar RVs. The uncertainties are then evaluated
taking into account the photon statistics. In the present analy-
sis we consider a slightly different approach, which takes into
account the weight of the single orders, some of them being af-
fected by telluric lines and thus contributing in different ways to
the determination of the RVs. Starting from the RV of individual
orders, we calculate the weighted average RV for each exposure
and its corresponding error. As a final step, we derive the bisec-
tor velocity span (BIS, as in Carleo et al. 2016) of the CCF and
we calculate the uncertainties on this quantity by considering the
fractions of the CCF used for the derivation of the BIS, resulting
in
√
10σRV , where σRV is the RV error.
1 Available at the TNG webpage: http://www.tng.iac.es/
instruments/giano/giano_tools_v1.2.0.tar.gz.
3.2. HARPS – N
HARPS – N RVs are extracted with the usual data reduction soft-
ware (DRS, Pepe et al. 2002) by cross-correlating the observed
spectrumwith a numericalmask that depicts the spectral features
of a K5 star. To work with uniform RV values, we processed
our HARPS – N spectra and the ones collected by HO15 (ex-
cept for one spectrum with very low signal-to-noise ratio at JD
2456681) with the current HARPS – N DRS through the YABI
workflow (Hunter et al. 2012) installed at IA22 at the INAF Ob-
servatory of Trieste. Since this facility allows us to customize
the re-processing, we enlarge the width of the CCF to take into
account the quite large v sin i of this star (10.03±0.47 km s−1,
López-Santiago 2005) and the consequent line broadening. The
resulting RVs are listed in Table 4, together with the CaII activ-
ity indicator, logR’HK , obtained with the dedicated tool of the
HARPS – N DRS (the method is provided in Lovis et al. 2011)
also available on YABI, and the BIS (see e.g. Queloz et al. 2001)
estimated as in Lanza et al. (submitted), starting from the com-
puted CCF of the DRS. The usually adopted uncertainty for the
BIS is twice the value of the RV uncertainty, on the basis that
the BIS slope is calculated using the top and lower half of a sin-
gle line measurement. However, this occurs in the ideal case in
which the bins of the CCF used for the estimation of the bisector
are not correlated, therefore, in our case the multiplying factor is
increased to 2.5 to avoid an underestimation of the uncertainties
(see the justification in Lanza et al. (accepted)).
3.3. IGRINS
The 29 spectra of BD+20 1790 collected with IGRINS over
one year, from April 2016 to March 2017, are reduced with
the IGRINS Pipeline Package.3 We acquired three different
datasets, since the run with IGRINS installed at the Discovery
Channel Telescope (DCT) occurred in between the two runs
at the McDonald (McD) Observatory (see Table 1). The RV
measurements (Table 5) are obtained with the same procedure
used for GIANO.
3.4. REM
During the first run with GIANO we obtained quasi-
simultaneous photometry with REM from May 30 to April 4,
2016. We used tasks within IRAF for bias correction and flat
fielding, and the technique of aperture photometry to extract
magnitude time series for BD+20 1790 and for other stars de-
tected in the frames, which were selected as candidate compar-
ison stars. In particular we identified two stars that were found
to be non-variable and were used as comparison (C) and check
(CK) stars (C: 2MASS 07233899+2025102, J = 11.23 mag, H =
11.43 mag, K = 11.17 mag; CK: 2MASS 07234597+2025328, J
= 12.15 mag, H = 11.97 mag, K = 11.91 mag). We measured
a standard deviation σC−CK = 0.014 mag in their differential
light curve. The visible and infrared magnitudes of BD+20 1790
were computed differentially with respect to the comparison star.
After averaging the six consecutive differential magnitudes ob-
tained on each night with ROS2, we obtained a time series of six
average griz-band differential magnitudes and four JHK-band
differential magnitudes for the subsequent analysis. The average
standard deviation associated with the nightly averaged magni-
2 http://ia2.inaf.it.
3 https://github.com/igrins/plp.
Article number, page 3 of 12
A&A proofs: manuscript no. bd201790
Table 1. Summary of the spectroscopic data presented in this work. For each dataset we list the instrument used for the observations, the number
of spectra, the spectral range, the typical SNR, the RV nominal internal error (σRV ), the RV r.m.s. scatter, and the peak-to-valley value of the RVs.
Instrument Nspectra Spect. range SNR σRV RV r.m.s. Peak-to-valley
(µm) (kms−1) (kms−1) (kms−1)
GIANO/GIANO – B 18 0.95 - 2.45 72 0.036 0.130 0.384
HARPS – N 20 0.38 - 0.69 35 0.029 0.280 1.036
IGRINS 29 1.45 - 2.5 134 0.059 0.109 0.384
tudes, which we consider as our photometric precision, is σ <
0.015 mag for all filters, and σ ≃ 0.04 mag for the H and K
magnitudes.
4. Data analysis
4.1. Spectroscopic data
First, we reproduced the orbital fit of the VIS RVs as presented
in HO15 (with SARG, FOCES, and HERMES data only) with a
Keplerian function4 as in Desidera et al. (2011). Our model is
displayed in the upper panel of Fig. 1 as a dashed line together
with the VIS data used for the fit, represented by grey dots. The
obtained RV semi-amplitude is 926.8 ± 34.6 ms−1 and the pe-
riod is 7.7827 ± 10−4 days, in good agreement with the result
proposed by HO15. As in HO15, we were not able to obtain
a solution including their HARPS – N data so we only over-
imposed them to the fitting function. We observe a match that by
itself casts some doubt on a Keplerian interpretation of the RV
variation.
Our phase-foldedNIR RVs are shown as well in Fig. 1 (lower
panel): GIANO and GIANO – B RVs (red dots) show an r.m.s.
scatter of 129.6 ms−1, while IGRINS RVs (light blue dots) show
an r.m.s. scatter of 109.2 ms−1. The r.m.s. scatter of the whole
NIR dataset is 119 ms−1. Finally, the black asterisks represent
new HARPS – N data (two of them have the NIR simultaneous
counterpart). Figure 1 shows that the amplitude of NIR RVs (cal-
culated as the difference between maximum and minimum RVs)
is 437.3 ms−1, four times lower with respect to the optical one
reported in HO15 and interpreted as a signature of a hot Jupiter.
Therefore, according to our data we can exclude any compan-
ion with those characteristics, ascribing the observed variation
to phenomena of stellar origin.
Actually, the Spearman rank correlation between RVs and
BIS, in this case for the whole HARPS – N dataset (HO15 and
the three epochs presented here) is -0.92, with a very high sta-
tistical significance (p-value = 2 · 10−8, evaluated through the
IDL Astronomy Library routine SAFE_CORRELATE; see Table 2
for a summary of the measured correlations between RVs and
activity indices of the whole dataset), showing an unambiguous
linear trend (Fig. 2). After subtracting this correlation from the
HARPS – N RVs time series, the resulting residuals show an
r.m.s. of 61.1 ms−1 and the Generalized Lomb-Scargle (GLS)
periodogram (Zechmeister & Kürster 2009) does not show any
significant periodicity (i.e. with an amplitude larger than four
times the standard deviation of the power spectrum, correspond-
ing to a false alarm probability (FAP) larger than 0.01). As fur-
ther evidence that the original HARPS – N RVs are modulated
by the stellar rotation of 2.801 ± 0.001 d (the photometric period
4 We adopted the IDL least-squares MPFIT package available at
http://purl.com/net/mpfit.
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Fig. 1. Orbital fit at 7.78 days found by HO15 compared to phase-folded
visible and NIR RVs. Top panel: Orbital fit (black dashed line) obtained
with the visible data (FOCES, SARG, and HERMES RVs from HO15,
grey dots) and HARPS-N 2015 RVs (green dots). Bottom panel: Orbital
fit (black dashed line), GIANO/GIANO-B (red dots), IGRINS (light
blue dots), and HARPS-N 2017 (black asterisks, two acquired in GIA-
RPS mode) RVs.
Table 2. Summary of the values of Spearman (ρ) correlation coefficients
and corresponding p-values between RVs and activity indicators.
Parameters ρ p-value
HARPS – N (2015, 2017):
RV - BIS −0.92 2 · 10−8
RV residuals - BIS 0.39 0.13
RV - logR′
HK
0.23 0.45
RV - vasy(mod) 0.89 2 · 10−7
RV - ∆V −0.91 1 · 10−7
RV - Hα −0.35 0.22
GIANO,GIANO – B:
RV - BIS −0.14 0.44
RV - HeI −0.08 0.65
IGRINS:
RV - BIS 0.13 0.48
RV - Brγ 0.12 0.51
by HO10), in Fig. 3 we fit them with a Keplerian function by us-
ing as a first guess that period, obtaining a very good agreement
with our model (P=2.80150±2·10−5 d, K=0.449±7.370 kms−1,
e=0.065±0.018).
We also investigated the other activity indices available from
HARPS – N, for example logR′
HK
as described in Sect 3, and
the CCF asymmetry indices: the ∆V (a measure of the RV shift
produced by the exclusive contribution of the asymmetry of the
CCF; see Nardetto et al. 2006 and Figueira et al. 2013) and
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the Vasy(mod) (the modified version of the index Vasy by Figueira
et al. 2013 for which the dependence from the RV shift is re-
moved), presented in Lanza et al. (submitted).5 Finally, we also
checked the correlation with the Hα index derived as in Sissa
et al. (2016). As for the BIS, the other asymmetry indices show
significant correlationwith RVs, while we find weak correlations
with logR′
HK
and Hα indicators (Table 2). We then focused our
−800 −600 −400 −200 0 200 400
−400
−200
0
200
400
600
800
RV [m/s]
BI
S 
[m
/s]
HARPS−N (2015)
HARPS−N (2017)
Mean error bars:
RV = 7.24 m/s
BIS = 21.65 m/s
Fig. 2. Correlation between RVs and BIS for HARPS – N data (HO15
and the three new epochs in this work).
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Fig. 3. Phase-folded HARPS – N RVs (2015, reprocessed from HO15
dataset) at stellar rotational period.
attention on the NIR data. We computed the GLS for both GI-
ANO and IGRINS RVs even if the sampling is not suitable for
a proper periodogram analysis (too few and too sparse points)
or for a proper resolution of the known photometric period. The
periodograms are quite noisy and do not exhibit any significant
periodicity. Only for GIANO did we investigate the FAP (esti-
mated by generating 10,000 artificial RV curves obtained from
the real one, keeping the epochs of observations fixed but mak-
ing random permutations of the RV values) of a peak at 7.74
d responsible for the apparent signal of the GIANO data when
phase-foldedwith the orbital period proposed by HO15 (red dots
in Fig. 1, lower panel). This test returned a FAP of 24.4%, so this
periodicity is probably produced by random noise. We also no-
ticed a small amount of power correspondingwith the photomet-
ric period of the star, but it appears to be related to the GIANO
data sampling according to the analysis of the window function.
No prominent periodicity is found either when examining the
GLS of the whole NIR dataset, which is obtained by applying
a quite negligible RV offset between the two instruments (5 m
s−1).
5 See a description of the Vasy(mod) in the poster “Line asymmetry indi-
cators to detect stellar activity effects in radial velocity measurements"
by Lanza et al., available at: https://sites.google.com/a/yale.
edu/eprv-posters/home.
In order to investigate a possible correlation between NIR
RVs and activity indicators, we first measured the Spearman co-
efficient for GIANO and GIANO – B data, in particular between
the BIS and the RVs, the BIS and HeI index at 1.083 µm (ex-
tracted as in Robertson et al. 2016), and between the HeI in-
dex and the RVs, but we found no strong correlation (Table 2),
mainly due to the uncertainties in the measurements. A similar
analysis was performed for the IGRINS data. Since the HeI line
is out of the spectral coverage of IGRINS, we investigated the
impact of the activity on RVs through the Brackett γ (Brγ) emis-
sion line at 2.16 µm (not available in the GIANO spectra because
of the discontinuity among the orders), extracted as in Robertson
et al. (2016). As in the case of GIANO, no significant correlation
was found between RVs and these indicators (Table 2). Appar-
ently our NIR radial velocities for BD+20 1790 are not highly
sensitive to activity.
4.2. Photometric data
We used the GLS and the CLEAN (Roberts et al. 1987) pe-
riodogram analyses to search for significant periodicities in the
BD+20 1790 photometric time series related to its rotation pe-
riod. As an example, the GLS and CLEAN periodograms are
plotted in Fig. 4 for the case of the g filter. The solid black line
represents the normalized power versus period, whereas the dot-
ted red line is the spectral window function. The horizontal red
dashed line represents the power level corresponding to a FAP =
0.01 (confidence level of 99%, obtained with 1,000 moke light
curves as in Sect. 4.1).
Fig. 4. Top panel: Generalized Lomb-Scargle periodogram of the g-
band photometric time series of BD+20 1790. The solid black line is
the normalized power versus period, the dotted red line is the spectral
window, and the horizontal dashed line indicates the power level cor-
responding to a FAP = 0.01. Bottom panel: CLEAN periodogram. The
red mark is the most powerful and significant peak in the periodogram.
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Our periodogram analysis of the photometric variation con-
firmed the already known stellar rotational period P = 2.76 ±
0.04 days (corresponding to the most powerful and significant
peak in the periodogram, indicated with a red mark), slightly
lower than the literature value possibly because of the short base-
line of the observations (six consecutive nights) or the effect of
differential rotation. The uncertainty on the period is calculated
following the prescription of Lamm et al. (2004).
We note that the secondary power peak in the GLS peri-
odogram is absent in the CLEAN periodogram, which has the
capability of effectively removing beat frequencies arising from
the data sampling.
In Fig. 5 we plot the differential light curves of BD+20 1790
phased with the rotation period P = 2.76 d, using different
colours for different filters. The solid lines represent sinusoidal
fits to the phased magnitude computed using the rotation period.
The peak-to-peak amplitudes of the sinusoidal fits measured in
different filters are reported as labels in the figure. We observe
that the REM light curves show different amplitudes in the differ-
ent bands: unexpectedly, the amplitudes at longer wavelengths
are greater than those at shorter wavelengths and the NIR mod-
ulation is almost in anti-phase with respect to the optical modu-
lation in the gri passbands (the maximum of the light curves are
located at ∼ 0.8 for the gri filters, at ∼ 0.1 for z and at ∼ 0.2 for
JHK). Moreover, the amplitudes of the optical light curves are
a factor of approximately seven. smaller than in other seasons
(cf. the light curves in Fig. 3 in HO15). This could be due to a
transient phase of peculiar activity during the REM observing
season (that covered a very short period) with respect to what
was observed in past campaigns. This particular variability is
also supported by the comparison between our HARPS – N RVs
and the ones in HO15, as noticed also by Figueira et al. (2010b)
with CORALIE data.
5. Discussion
The present investigation adds another important piece of evi-
dence to the multi-wavelength characterization of the RV varia-
tions in late-type stars. Our results show that the amplitude of the
NIR RV modulation in BD+20 1790 is generally a factor of 2−3
smaller than in the optical band, in agreement with the results
obtained by Crockett et al. (2012) for very active young stars.
This indicates that brightness inhomogeneities, whose contrast
is generally smaller in the NIR than in the optical passband, are
mainly responsible for the RV variations via line profile distor-
tions. Other effects, such as quenching of convective blueshifts
(e.g. Lanza et al. 2011) or line profile distortions produced by
the Zeeman effect (Reiners et al. 2013), are probably less impor-
tant in these very active and rapidly rotating (v sin i ≥ 10 km s−1)
stars. Nevertheless, an intriguing result is the small amplitude of
the RV variations in the NIR as measured by GIANO contem-
poraneously to the REM observations that show a remarkable
NIR rotational modulation in the J, H, and K passbands. To in-
terpret these results, we first consider a simple model for the
wide-band photometric variations, including the effects of both
dark and bright spots. Several models for the simultaneous pho-
tometric and RV variations of late-type stars have been proposed
(e.g. Boisse et al. 2012; Dumusque et al. 2014; Herrero et al
2016). They include the effects of solar-like faculae whose con-
trast increases towards the limb. Here, we consider a hot spot in
the photosphere that has a constant contrast at different limb po-
sitions, similarly to the behaviour generally assumed for a cool
spot.
From the stellar v sin i, radius, and rotation period (from
HO10), we estimated an inclination of the stellar spin axis to
the line of sight of ∼ 50◦. With a simulation we then reproduced
the sinusoidal shapes, amplitude ratio, and phase difference of
the optical and the NIR light curves by assuming a circumpolar
active region, always in view, consisting of two co-spatial com-
ponents (as observed in e.g. V410 Tau, Rice et al. 2011): a cool
feature (hereinafter "cool spot") covering a fraction fs of its total
area and a hot feature (hereinafter "hot spot") covering the re-
maining fraction 1 − fs.
Therefore, the average brightness of the active region at wave-
length λ can be written as
Ia = fsB(Tc, λ) + (1 − fs)B(Th, λ), (1)
where, for simplicity, we assume that the brightness of each
component is given by a Planck function B(T, λ), with Tc being
the temperature of the cool spot and Th that of the hot spot. Those
temperatures verify the inequality: Tc < Tphot < Th, where Tphot
is the temperature of the unperturbed photosphere. The contrast
of the active region isCs = 1−(Ia/Iphot), where Iphot is the bright-
ness of the unperturbed photosphere. For an active region dom-
inated by the cool spot, Cs > 0 because Ia < Iphot, while for an
active region dominated by the hot spot, Cs < 0.
For BD+20 1790, we assume Tphot = 4410 K (HO15),
while for the cool and the hot spots we assume temperatures
Tc = Tphot−1000 K and Th = Tphot+1000 K, respectively. Those
temperature differences are typical of young and active stars such
asWeak T-Tauri stars (cf. Rice et al. 2011; Koen 2016). The con-
trast is plotted versus the fraction of the active region covered by
the cool spot in Fig. 6 for the optical wavelength λopt = 636 nm
and the NIR wavelength λNIR = 1705 nm. Those values corre-
spond approximately to the mean wavelengths of the gri bands
and of the JHK bands, respectively.
We see that for a restricted range of fs, that is 0.65 < fs <
0.67, the contrast in the optical is negative and small, while that
in the NIR is positive and remarkably larger. This leads to a ro-
tational modulation of the optical flux remarkably smaller than,
and in anti-phase with, the rotational modulation in the NIR as
illustrated by the synthetic light curves in Fig. 7 computed with
the model in Sect. 3.2 of Lanza (2016). Specifically, these light
curves were computed for an inclination of the spin axis to the
line of sight i = 50◦, considering an active region of an area of
20% of that of the star’s disc, centred at a latitude of 60◦. The
quadratic limb-darkening coefficients at the two wavelengths
were taken from Claret et al. (2012), while Cs(λopt) = −0.02
and Cs(λNIR) = 0.15 corresponding to fs ≃ 0.665 in our simple
irradiance model (cf. Fig. 6). For simplicity, we assumed that the
spot contrasts did not depend on the position on the disc.
The present model is simply illustrative. The amplitudes of
the synthesized light curves are remarkably smaller than those
observed in BD+20 1790, which may require a larger filling fac-
tor of the active region and/or larger temperature contrasts. For
example, in the case of LkCa 4, Gully-Santiago et al. (2017)
found a filling factor as large as 86%, which would imply an
amplitude larger by a factor of approximately four in the case
of the present model. We finally notice that the variable charac-
teristics of the activity of this star with time might explain why
past studies obtained quite different values for the r.m.s. scatter
of the RVs, and then different interpretations of the nature of this
object.
As previously mentioned, the small amplitude of the RV
modulation in the NIR as measured by GIANO contemporane-
ously with REM photometry is intriguing. Assuming that the
depth of the spectral lines relative to their adjacent continuum
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Fig. 5. Differential lightcurves of BD+20 1790 phased with the rotation
period P = 2.76d in different photometric bands. The solid line is a
sinusoidal fit to the data with the same period. Labels show the peak-to-
peak amplitudes of the lightcurves.
Fig. 6. Contrast of an active region consisting of co-spatial cool and hot
spots versus the fraction of its area covered by the cool spot. Two wave-
lengths are considered: λopt = 636 nm (solid line) and λNIR = 1705 nm
(dashed line).
is constant and considering a spot with a contrast Cs at latitude
φ with a filling factor fs, we expect an RV modulation approx-
imately of Cs fsv sin i cos φ (cf. Saar et al. 1997; Desort et al.
2007) that is ≈ 0.75− 1.0 km s−1 for a spot at φ = 60◦ , which is
remarkably higher than what has been observed. A cool spot at
a higher latitude would reduce the amplitude of the NIR wide-
band flux modulations; a quenching of the convective shifts or
the Zeeman effect also do not appear to be viable explanations
because they increase the effect of a cool spot on the RV at NIR
wavelengths (Reiners et al. 2013). Nevertheless, the variation
of the relative depths of the spectral lines in the NIR cannot
be neglected and it is the dominant effect in the cool spot re-
sponsible for the large photometric modulation in the infrared.
The relative line depths are strong functions of the continuum
Fig. 7. Light curves showing the rotational modulation of the flux at two
wavelengths λopt = 636 nm (solid line) and λNIR = 1705 nm (dashed
line). The amplitudes correspond to a spot having an area of 0.2 of the
stellar disc.
opacity and of the degree of element ionization both remark-
ably varying in a cool spot area with respect to the unperturbed
photosphere. In general, these effects produce a remarkable in-
crease of the relative depths of the spectral lines in the cool spot.
This compensates for the decrease of the continuum intensity in
the spot, reducing the distortions of the spectral line profiles and
yielding an RV variation in the NIR smaller than expected from
the wide-band photometric variation in the case of constant rel-
ative line depths. In any case, a quantitative analysis is not war-
ranted by our data, since a larger number of observations would
be required. This scenario suggests a need to better investigate
this kind of target, since they might go through specific activity
phases during which the VIS and NIR RV amplitudes are similar,
possibly resulting in false positives. Looking at the curve phase
shifts might give crucial information in these cases (see e.g. the
recent result by Hatzes et al. 2018 for the K-giant γ Draconis).
6. Conclusions
In this paper we present the analysis of RV measurements of the
star BD+20 1790, in order to resolve the debate on the pres-
ence of a hot Jupiter with an orbital period of 7.8 days, claimed
by HO10 and questioned by Figueira et al. (2010b). Since all
the previous RV measurements were provided by visible spec-
trographs, we observed this target with the GIANO (in a dedi-
cated run and during the GIANO – B/GIARPS Commissioning)
and IGRINS NIR spectrographs to disentangle the origin of the
RV variation. The NIR data show a peak-to-valley amplitude of
437.3 ms−1, significantly lower than the VIS one (1853.6 ms−1),
demonstrating that the detected RV modulation is due to activity.
Therefore, we dismiss the presence of the claimed hot Jupiter
around BD+20 1790, which is a very peculiar target from the
point of view of stellar activity, as confirmed by our photometric
monitoring with REM almost contemporary to the first spectro-
scopic run with GIANO. Surprisingly, REM light curves show
larger amplitudes at longer wavelengths and the NIR curve is al-
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most in anti-phase with respect to the visible one. This has been
explained with a photometric model that includes a mixture of
cool and hot spots in the same active region.
Multi-band spectroscopy is known to be crucial in the search
for exoplanets around young and active stars: here we present
the first contribution of a new facility, GIARPS, which adds fur-
ther value to this method thanks to the simultaneous observa-
tions in VIS and NIR bands. Our result clears the current census
of hot Jupiters from the only previously known case orbiting a
star between 20 to 200 Myr old (Rizzuto et al. 2017; David et
al. 2018). The paucity of hot Jupiters in this age range might be
explained by the time dependence of planet migration mecha-
nisms (Mann et al. 2018 6) or simply by small number statistics.
Further investigations are needed to achieve a firm conclusion on
this key issue for the evolution of planetary systems.
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Table 3. Time series of BD+20 1790 from GIANO and GIANO – B data. For each observation we list radial velocities (RV) and the bisector span
(BIS) with the corresponding uncertainties.
Dataset JD-2450000 RV σRV BIS σBIS
(km s−1) (km s−1) (km s−1) (km s−1)
GIANO 7475.8302179 8.476 0.045 0.090 0.071
7475.8387828 8.539 0.045 0.138 0.074
7475.8473007 8.552 0.045 0.082 0.076
7476.8292450 8.626 0.045 0.289 0.076
7476.8378800 8.637 0.045 0.106 0.069
7476.8463629 8.584 0.045 0.232 0.073
7478.8578259 8.616 0.045 0.043 0.083
7478.8768308 8.626 0.045 0.128 0.083
7478.8946776 8.556 0.045 0.036 0.078
7478.9032996 8.602 0.045 0.124 0.076
7479.8734209 8.523 0.045 0.123 0.049
7479.8819158 8.586 0.045 0.017 0.052
7479.8917888 8.566 0.045 0.106 0.054
7480.8530107 8.588 0.045 0.226 0.076
7480.8612976 8.550 0.045 0.147 0.072
7481.8545340 8.560 0.045 -0.005 0.071
7481.8631110 8.491 0.045 0.178 0.070
7481.8715830 8.550 0.045 0.119 0.067
GIANO – B 7716.7390467 8.256 0.022 0.183 0.026
7716.7477729 8.263 0.022 0.177 0.026
7716.7564760 8.253 0.022 0.208 0.025
7717.5770302 8.256 0.022 0.125 0.039
7717.5857217 8.335 0.022 0.141 0.036
7717.5945405 8.266 0.022 0.170 0.031
7717.6046440 8.273 0.022 -0.016 0.036
GIANO – B 7821.4345852 8.474 0.036 -0.007 0.085
7821.4436589 8.498 0.036 -0.014 0.084
7827.4492982 8.440 0.036 0.332 0.087
7827.4575966 8.460 0.036 0.274 0.090
7827.4658833 8.437 0.036 0.094 0.092
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Table 4. Time series of BD+20 1790 from HARPS – N data, from HO15 and GIARPS commissioning, uniformly reduced with the new HARPS
– N DRS version. For each observation we list radial velocities (RV), logR′HK , and the bisector span (BIS) with their related uncertainties.
JD-2450000 RV σRV BIS σBIS logR′HK σlogR′HK
(km s−1) (km s−1) (km s−1) (km s−1)
6293.496128 7.818 0.004 0.019 0.009 -3.982 0.002
6293.694395 7.750 0.004 0.065 0.021 -3.984 0.003
6293.768482 7.726 0.005 0.120 0.020 -3.995 0.003
6346.563090 8.021 0.003 -0.247 0.009 -3.944 0.002
6347.423110 7.374 0.007 0.547 0.017 -3.977 0.004
6347.601234 7.163 0.005 0.754 0.017 -3.989 0.004
6348.543400 8.113 0.008 -0.217 0.021 -4.016 0.007
6348.548909 8.113 0.010 -0.207 0.024 -4.041 0.008
6348.620652 8.167 0.009 -0.290 0.022 -4.018 0.008
6348.626160 8.166 0.008 -0.242 0.020 -4.022 0.007
6349.437201 8.017 0.015 -0.174 0.036 -3.946 0.011
6349.442721 8.027 0.011 -0.225 0.028 -3.955 0.008
6679.499824 8.346 0.004 -0.493 0.013 -3.972 0.003
6679.680352 8.177 0.004 -0.409 0.018 -3.887 0.002
6682.562820 8.137 0.015 -0.322 0.038 -3.941 0.011
6682.666891 7.945 0.009 -0.124 0.026 -3.966 0.007
6796.370888 7.748 0.003 0.013 0.012 -4.030 0.003
7821.424255 7.690 0.013 0.097 0.033 -4.023 0.009
7823.488210 8.031 0.013 -0.250 0.041 -3.946 0.009
7827.465395 7.915 0.004 0.015 0.008 -3.991 0.003
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Table 5. Time series of BD+20 1790 from IGRINS data. For each observation we list radial velocities (RV) and the bisector span (BIS) with the
corresponding uncertainties.
Dataset JD-2450000 RV σRV BIS σBIS
(km s−1) (km s−1) (km s−1) (km s−1)
IGRINS@McD 7417.80148148 8.106 0.059 -0.249 0.062
7418.77283564 8.220 0.059 0.025 0.029
7419.81490740 8.146 0.059 -0.420 0.065
7421.84695601 8.037 0.059 -0.127 0.075
7475.63379629 8.133 0.059 0.438 0.065
7476.61835648 8.161 0.059 0.221 0.062
7503.59172453 8.205 0.059 -0.030 0.051
IGRINS@DCT 7671.96244213 8.285 0.065 0.362 0.054
7673.95834490 8.015 0.065 0.270 0.056
7675.86873842 8.178 0.065 0.339 0.047
7713.04495370 8.219 0.065 0.143 0.060
7732.03075231 8.248 0.065 0.117 0.054
7742.97497685 8.244 0.065 0.464 0.078
7793.85260416 8.021 0.065 0.228 0.043
7794.84053240 8.035 0.065 0.345 0.033
7796.74128472 8.041 0.065 0.181 0.072
7798.78775463 7.953 0.065 0.396 0.047
IGRINS@McD 7825.74646990 8.018 0.044 0.318 0.063
7827.67596064 8.131 0.044 -0.125 0.053
7828.69434027 8.046 0.044 0.136 0.056
7829.75975694 7.958 0.044 -0.053 0.071
7862.63905092 7.964 0.044 -0.101 0.053
7864.69674768 7.973 0.044 0.144 0.055
7875.58734953 7.925 0.044 0.026 0.053
7876.59074074 8.079 0.044 0.213 0.055
7877.58625000 7.902 0.044 0.134 0.055
7878.58519676 7.986 0.044 0.179 0.058
7879.58496527 8.017 0.044 -0.006 0.053
7880.58305555 7.965 0.044 -0.023 0.052
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Table 6. Time series of BD+20 1790 from REM data with different filters. For each observation we list the differential magnitudes with the
corresponding uncertainty.
Filter JD-2450000 ∆m σ∆m
(mag) (mag)
g 7477.52744 -1.960 0.005
7478.58315 -1.985 0.004
7479.57717 -2.002 0.007
7480.59303 -1.984 0.008
7481.59388 -2.012 0.009
7482.61009 -2.010 0.008
r 7477.52744 -2.687 0.013
7478.58315 -2.722 0.017
7479.58383 -2.732 0.016
7480.59303 -2.725 0.012
7481.59283 -2.753 0.011
7482.61159 -2.756 0.013
i 7477.52822 -3.100 0.007
7478.58392 -3.109 0.011
7479.57717 -3.129 0.007
7480.58715 -3.104 0.006
7481.58804 -3.124 0.008
7482.60679 -3.122 0.010
z 7477.52744 -3.318 0.010
7478.58315 -3.279 0.011
7479.57717 -3.344 0.010
7480.59196 -3.348 0.011
7481.59097 -3.320 0.012
7482.61009 -3.409 0.015
J 7479.57544 -3.756 0.006
7480.58707 -3.839 0.020
7481.58691 -3.687 0.005
7482.60688 -3.756 0.035
H 7479.57789 -3.527 0.044
7480.58792 -3.762 0.043
7481.58772 -3.575 0.033
7482.60755 -3.734 0.034
K 7479.58154 -3.850 0.067
7480.59008 -4.003 0.014
7481.58988 -3.801 0.040
7482.60970 -3.904 0.044
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